Purpose The purpose of the study was to describe trends in and investigate variables associated with clinical pregnancy and live birth in autologous in vitro fertilization (IVF) cycles among women ≥40 years. Methods We used autologous IVF cycle data from the National ART Surveillance System (NASS) for women ≥40 years at cycle start. We assessed trends in fresh and frozen cycles (n = 371,536) from 1996 to 2013. We reported perinatal outcomes and determined variables associated with clinical pregnancy and live birth in fresh cycles between 2007 and 2013. Results From 1996 to 2013, the total number of cycles in women ≥40 years increased from 8672 to 28,883 (p < 0.0001), with frozen cycles almost tripling in the last 8 years. Cycles in women ≥40 years accounted for 16.0% of all cycles in 1996 and 21.0% in 2013 (p < 0.0001). For fresh cycles from 2007 to 2013 (n = 157,890), the cancelation rate was 17.1%. Among cycles resulting in transfer (n = 112,414), the live birth rate was 16.1%. The following were associated with higher live birth rates: multiparity, fewer prior ART cycles, use of standard agonist or antagonist stimulation, lower gonadotropin dose, ovarian hyperstimulation syndrome, more oocytes retrieved, use of preimplantation genetic screening/diagnosis, transferring more and/or blastocyst stage embryos, and cryopreserving more supernumerary embryos. Of the singleton infants born (n = 14,992), 86.9% were full term and 88.3% normal birth weight. Conclusions The NASS allows for a comprehensive description of IVF cycles in women ≥40 years in the USA. Although live birth rate is less than 20%, identifying factors associated with IVF success can facilitate treatment option counseling.
Introduction
With increasing availability of effective contraception and access to educational and workplace opportunities, more women are delaying childbearing [1] . This is reflected by birth rates in women ages 40 to 44 years almost doubling in the USA between 1990 and 2013 [2] . Live birth rates, however, are dependent on the age of the oocyte; both spontaneous [3] and in vitro fertilization (IVF) conceptions with autologous oocytes decline with age. Live birth rates after IVF in women ≥40 years range from 4.7 to 9.7% per cycle started [4] [5] [6] . One study found that 1% of oocytes retrieved in this age group resulted in a live birth (Boocyte to baby rate^), compared to 6.8% in a donor oocyte population [7] . Cancelation rates are also high among women >40 years with 15-30% of cycles canceled prior to oocyte retrieval even in a pre-selected IVF population [8, 9] . Below average success rates in this group translate to high IVF treatment costs. One prior analysis estimated that a live birth in women ages 40 years and older is 2.5 times more expensive than in women ages 35-39 years [10] . Others have questioned the ethics of providing fertility care in older women [11] , especially in light of the potential for increased pregnancy morbidity [12, 13] .
As more couples delay childbearing, however, there is an increased need for fertility treatment in this population. In this analysis, our aim was to describe trends in the absolute number of autologous fresh and frozen IVF cycles conducted among women ≥40 years, the proportion of these cycles among IVF cycles in women of all ages, and the live birth rate among women ≥40 years. We also aimed to describe perinatal outcomes of infants conceived with fresh autologous IVF cycles started by women ≥40 years, to explore factors associated with clinical pregnancy and live birth, and to report the number of IVF cycles (fresh and frozen) initiated per live birth by each year of maternal age at oocyte retrieval.
Materials and methods
We used data from the Centers for Disease Control and Prevention's National Assisted Reproductive Technology Surveillance System (NASS), a federally mandated reporting system that captures over 97% of assisted reproductive technology (ART) cycles [14] performed in the USA. The data, which are certified by the medical director of each fertility clinic, are cycle-specific and include patient demographics, parity, diagnoses, cycle stimulation information, and treatment outcomes. Annually, a sample of clinics that submit data to NASS (approximately 5-10%) are validated by comparing reported data to medical charts [14] .
We first described trends in the number of fresh and frozen autologous oocyte IVF cycles started, the live birth rate, and the number of resulting live births among women ≥40 years from 1996 to 2013. We also described the trend in the proportion of autologous oocyte cycles in women ≥40 years among cycles in women of all age groups. Linear regression analysis was used to test for linear and quadratic trends.
For all other analyses, we restricted the data to years 2007 to 2013 to reflect more recent practice patterns in the rapidly changing field of ART. In addition, starting in 2007, data were available to link frozen cycles to their originating oocyte retrieval for assessment of maternal age at oocyte retrieval. We calculated the number of autologous fresh and frozen IVF cycles started per live birth by each year of maternal age at oocyte retrieval. We included frozen cycles that could be linked to their prior fresh oocyte retrieval in order to capture all available transfer data from the initiating oocyte retrieval. We excluded frozen cycles that had no prior ART cycles or that were linked to a fresh cycle reporting zero embryos cryopreserved. After linkage and exclusions, 56.1% (n = 18,732) of the frozen cycles were included.
Next, we reported patient and cycle characteristics of fresh autologous IVF cycles in women ≥40 years. We limited this analysis to only fresh cycles because many of the variables of interest were not applicable to or available for frozen cycles (e.g., gonadotropin dose, stimulation type, use of pre-implantation genetic screening/diagnosis (PGD/PGS)). PGD/PGS data are only captured in the NASS database for fresh cycles and not for cycles in which all embryos are screened for aneuploidy and frozen for storage in anticipation of a later future thaw and transfer. Among the infertility diagnoses, which are not mutually exclusive, diminished ovarian reserve (DOR) was not included because the NASS definition includes advanced maternal age (>40 years), regardless of ovarian reserve parameters.
We then investigated variables associated with clinical pregnancy, defined as a gestational sac(s) seen on ultrasound and live birth among fresh autologous cycles and transfers for women ≥40 years. Log binomial regression using generalized estimating equations with an independent correlation matrix to account for clustering by clinic was performed to produce unadjusted and adjusted risk ratios and confidence intervals. Multivariable models were created using backwards model building, with only those variables statistically significant at α = 0.05 retained in the final model. Race and BMI were not considered for inclusion in the multivariable models due to a large percentage of data missing (40.0 and 26.2%, respectively); missing data for all other variables was less than 2.8%.
Lastly, we described perinatal outcomes including gestational age and birth weight at delivery of singleton and twin infants conceived with fresh autologous IVF cycles among women ≥40 years. Gestational age was missing for 0.25% of infants and gestational weight for 2.4% of infants.
Analyses were conducted using SAS v9.3 (SAS Institute, Inc., Cary, NC). The study was approved by the Institutional Review Board of the Centers for Disease Control and Prevention.
Results
In 1996, autologous IVF cycles in women ≥40 years (n = 8672) accounted for 16.0% of cycles in women of all ages (n = 54,074). This proportion increased to 21.0% (n = 28,883/138,530) in 2013.
The total number of autologous (fresh and frozen) IVF cycles for women ≥40 years increased from 8672 to 28,883 from 1996 to 2013 (p < 0.0001), with a peak in 2012 of 29,727 cycles (Fig. 1a) . From 1996 to 2013, the number of fresh cycles increased overall from 7493 to 21,251 (p < 0.0001), but peaked in 2011 at 23,918 cycles and declined afterwards (Fig. 1a) . The number of frozen cycles increased through the entire study period from 1179 in 1996 to 7632 in 2013 (p < 0.0001), more than tripling in the last 8 years. (Fig. 1b) . Figure 2 , which describes the number of fresh and frozen autologous IVF cycles initiated per live birth by year of maternal age at oocyte retrieval, shows an exponential increase from 5.4 cycles per live birth in women who were 40 years at the time of oocyte retrieval to 92.9 cycles per live birth in women who were ≥46 years of age. In women older than Among women ≥40 years of age undergoing embryo transfer following a fresh IVF cycle during 2007 to 2013, the following characteristics were significantly associated with clinical pregnancy and live birth ( Table 2) : younger maternal age, higher parity, fewer prior ART cycles, use of a standard agonist or antagonist stimulation, lower gonadotropin dose (≤2000 IU), having had ovarian hyperstimulation syndrome, transferring more embryos, transferring blastocyst stage embryos, and cryopreserving more supernumerary embryos. Tubal factor and uterine factor were associated with lower rates of clinical pregnancy and live birth, and ovulatory dysfunction with lower rate of live birth. More oocytes retrieved and use of PGS/PGD were associated with live birth only. Use of ICSI was associated with lower rate of clinical pregnancy and live birth. Reporting year was not significantly associated with clinical pregnancy or live birth rate, indicating no significant change from 2007 to 2013 (24.9 to 25.6% and 15.8 to 15.7%, respectively).
We also assessed variables associated with clinical pregnancy and live birth among all IVF cycles started by women ≥40 years to account for canceled cycles (data not shown). The majority of the variables significantly associated with the outcomes were similar with a few exceptions; the number of prior ART cycles was not associated with clinical pregnancy or live birth, while ovulatory dysfunction and unexplained infertility were both positively associated with clinical pregnancy and live birth.
Among women ≥40 years between 2007 and 2013, there were 20,714 infants born, of which 14,992 (72.3%) were singletons. Of the singleton infants, 13,034 (86.9%) were born at term (≥37 weeks), 1582 (10.6%) between 32 and 37 weeks, and 339 (2.3%) at less than 32 weeks. The majority of singleton infants born (88.2%; n = 13,233) were of normal birth weight (>2500 g), with 1170 (7.8%) weighing between 1501 and 2500 g, and 257 (1.7%) weighing less than 1500 g. Of the twin live-born infants (n = 5722), 2442 (42.7%) were at term, 2632 (46.0%) between 32 and 37 weeks, and 634 (11.1%) at less than 32 weeks.
Discussion
From 1996 to 2013, there was an increase in both the total number of IVF cycles in women ≥40 years and the proportion of cycles in this population among all cycles in women of all ages. During 2007 to 2013, the live birth rate did not improve significantly; however, for cycles resulting in a singleton live birth, perinatal outcomes were similar to the rest of the IVF population. The number of cycles per live birth exponentially increased with each successive year of maternal age. Although maternal age is the most significant determinant of live birth following IVF, we were able to identify other variables associated with successful outcomes.
In the last 8 years studied (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , the increase in the number of total cycles was driven by the number of frozen cycles almost tripling. They were 11.3% of all cycles in 2006 and 26.4% in 2013. The increase in the ratio of frozen to fresh cycles in this population likely reflects the growing practice of embryo freezing for a later transfer of thawed embryos [15] . This is commonly done to optimize either the endometrium or for aneuploidy screening, which often entails biopsying blastocyst embryos for PGS and then transferring the embryo(s) in a later frozen cycle in an effort to increase implantation rates and decrease miscarriage rates. NASS does not currently collect information on whether frozen embryos thawed for transfer underwent PGS, but the percentage of cycles that involved freezing all embryos in 2013 was 22.7%, with higher rates in older women (56.3% in women >44 years) [16] .
Although there was a slight improvement in live birth rate from 1996 to 2013 in women ≥40 years, it has only varied slightly in the last 10 years. This finding is consistent with a recent Society for Assisted Reproductive Technology (SART) publication analyzing long-term trends in ART cycles that found no change in live birth rates since 2003 in women >42 years of age [17] . In addition, almost half of the positive pregnancy tests in our study ended in a first trimester loss or biochemical pregnancy. Among live-born singleton infants, however, adverse perinatal outcomes were the minority with 12.9% of infants born premature and 9.5% with low birth weight. These are similar to previously published rates among all ART singletons (13.3% rate of prematurity and 9.0% rate of low birth weight) [18] . The results are more encouraging than some other retrospective studies that found infants of older mothers were at higher risk for prematurity and low birth weight [12, 19] , though the other studies included non-ART pregnancies whereas ours focuses solely on IVF pregnancies. For women in their 40s, the number of fresh and frozen IVF cycles started per live birth increased substantially for each additional year of age at oocyte retrieval. These findings are consistent with prior literature that demonstrated decreasing live birth rates with incremental increases in age for women in their 40s [4, 6, 8] . The large number of unsuccessful IVF cycles in this older age group represents a large physical, financial, and emotional toll for women and their partners.
There are other variables aside from maternal age that were associated with positive outcomes. Some are intuitive and consistent with prior literature in older women, including the retrieval of more oocytes [5, 9, 20] , the transfer of more embryos [4, 6, 21] at a more advanced embryonic stage, and the cryopreservation of more supernumerary embryos [22] . Similar to what has been seen previously [23] , our study found that a lower gonadotropin dose was associated with higher rates of clinical pregnancy and live birth in the multivariable analysis. This could be attributed to the fact that patients with a higher ovarian reserve (and thus better prognosis) receive less gonadotropins; however, another study found lower live birth rates with higher doses of gonadotropins in other populations (e.g., good prognosis patients), irrespective of the number of oocytes retrieved [23] .
Our study is one of the first to show the benefit of parity in an older population undergoing IVF. One recently published study of fecundability in a non-ART population similarly found that nulliparous women had lower fecundity [24] . Although some prior studies have indicated that older women with tubal factor [25] or ovulatory dysfunction [26] may have a reproductive advantage, we did not find this to be the case among women having transfers. No infertility diagnoses were associated with increased rates of live birth.
Our data represents a selected population of women who were thought to have enough ovarian reserve to proceed with IVF; we have no data regarding the number of women who were not able to access or initiate fertility care with autologous oocytes due to projected poor success. We can conclude, however, that there is an increased demand for fertility treatment in older women, as reflected by the rise in the proportion of cycles in women ≥40 years from 1996 to 2013. This increase may be attributable to an increase in the number of women ≥40 years seeking treatment, an increase in the number of cycles per woman, or both.
The primary limitation of our study is that the data are cycle-specific and not patient-specific. For example, Fig. 2 (number of IVF cycles started per live birth by maternal age at oocyte retrieval) cannot be used to predict the number of IVF cycles necessary to achieve a live birth in an individual. Also, Fig. 2 includes the 56% of the frozen cycles meeting our study criteria, as the other 44% could not be linked to their originating retrieval, which potentially could result in an under-or overestimation of the reported ratios. In addition, since data were not collected on whether PGS/PGD was performed for frozen cycles in the NASS, we were unable to include frozen cycles in the analyses of cycle characteristics and reproductive outcomes. We also had limited ovarian reserve data, although this is somewhat reflected in the number of oocytes retrieved. Strengths of this study include the use of a large national database, which allowed for description of nationwide trends in IVF cycles among women ≥40 years and the ability to control for many variables that can influence IVF outcomes. A recent publication from the SART database analyzed the history of IVF and trends in IVF over the last two decades [17] . We were able to explore in detail a smaller subset of cycles among women ≥40 years, including the demographics of this population, cycle characteristics, factors associated with live birth, and perinatal outcomes. In addition, we were able to explore changes in practice patterns over time, such as the recent increase in the number and proportion of cycles using frozen embryos. Although ART success in this population is higher using donor oocytes, a genetically related child is often the initial goal of women embarking on fertility treatment. As the percentage of cycles in this group of women continues to increase, the identification of factors associated with higher live birth rates may facilitate option counseling and informed decisions prior to the initiation of treatment.
